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1.IntrodⅦ ctio n
lt is impo rta nt to le a r n n atu r al s cie n ce thro ugh o ne
'
s expe rie nce tr e ating r e al
m ate rials･ We atte mpt to pro vide the op po rtu nity ofe xperie n ce ofphysics e xpe rim ents
fo rhighe r edu c atio ntoAsia n stude nts･ The title ofthispr ogr a m ln eis
〟
Popula rizatio n of
highe rphysic s edu c atio nthr o ughe xperim e nt
”
. An dw eexpect to get m a ny 丘ndings 七o
impr o v e o u rphysic edu c atio nfr o mthedis c u s sio n s Withthe pa rticipants.
At the s a m etim e, to populari2;ethe e xpe rim e ntal edu c ation at their m othe r coll ntry
a洗e rthe pr ogr a m m e, tr a n sfer e n c e七o the pa rticipa nts the ap plic atio nte chn ology for
l
highe r utiliz atio n ofpopula riz ed a nd in e xpe n siv e m aterialsisimpo rta nt. The n, we open
the w o rkshoptotr a n sferthe mthr o ughm aking 8 0m e th ings(in cludingtheha rd and s o允
w a r e ofthe pe r s o n alco mpute r).
Finally, o u r aim istoimpr o v ethe m utualtlnde r8ta ndingfo r collabo r atio n a ndpe a cein
future. Forthatpu rpo se, w e a r r a ngedthe ho m e stay of for eign pa rticip ants a nd e xpe ct
theim pr o v em e ntofindivi`halc o m m u nic atio n a nd11 nde r sta ndi工場 .
Tw o c o u nter c ountrie s and pa rticipa nt gr o ups ar e chos e n&o m the point of vie w of
m a xim u m effe ctiv en e ssfo rboth.
The 鮎 stc o u ntryisCa mbodia(Pa r七1). La stye a r, w ein vited Mr. IngHe ng who w a sthe
he ad of physic s depa rtm e nt, factlty of s cie n c e, Royal Univ e r8ity of P hn o m Pe nh
(Ca mbodia)for1 m o nth, a nd introdu ced him to ou re xperim e nts. Ee str o nglyde 8ir e sfor
his stude nts tole a rntho se e xpe rim ents a ndgiv e s u s s o甲e S ugge Stio n sfor this pla nby
m ail(Heis vic ede a n of thefa c ulty n o w). Conside ringthe c o st a nd c apa city, the n u mbe r
of the pa rticip antisde cidedtobe6(3te a cher sand3 stude nts).
T he s e c o nd co u ntryis Vietn a m(Pa rt2). We co nsult with P h.D. Nguye n Ngoe Bich
whoisI)e a n's Assi8ta nt Of lnte r n atio n al Relatio n s and EdtlC a七io n al Ex cha nge, Fa c 1ヽty
of E du c atio n, Natio n al Univ e rsity of Viet Na n Ha Noi with this plan by m ail. S he
e xpe cts the e x c elln6e a nd u s efu ln e s s of this progr am m e. T he nu mbe r of the
pa rticipa ntsisde cidedtobe5(1te a che r a nd 4stude nts)I
Tiledu r atio n ofthe pr ogr a m m eisde cidedtobe abo ut1 6 days, beca u se we think,itis
e nough1e ngth fo r1 o r2u nitle ctu re s and disc u s sio n s.
T he sele ction s of the sttlde nt pa rticipa nts w e r edo n e c o n side ring the follo wing
condition s;1)com m u nicability with English o rJapa n e s e, 2)go od ac ademic gr ade sin
the cla s s, 3) purpo s e a nd wille x a min ed by inte rvie w c o ndu cted by c o u nte r
o rga niz･atio n s.
I)epa rtm e nt of Scie n ceE du c atio n, Fa culty of E du c atio n, Chiba ･Univ e r sity, the
e x ec utive organizer(EO)o rg ani2:ed
"Popula ri2;atio n of highe rphysics edu catio nthrough
e xpe rim e nt
” fr o m17, Septo 18, Oct2004 in Chiba a s o n e ofth.e pr ogr a m m e s of 2004
inbo und within thefra m e w o rk of the A C C U inte rn atio n al Excha nge Pr ogr a m m eu nde r
the U N E SC O/Japa nFu nds
･in ･ Tru stfor thePro m otio n ofInte rn atio n al Co ope r ation and
Mu.tu al ロnde r sta nding.
2. Pr ogr m e Rationale and O bjective s
(盟一l)Objective andpro cedu refo rpopularizingthephysic s educ ation
･ The C ambodian university studen七島lear n physic sby bo oks and withollt e n Ollgh
experim ent. We w ant to Show the m the realphy白ical nattlre and in spire the m to
interest.
･ The re a s ons ofthein s ufrlCien cyofe xperim entarethat their m aterialcircu mstanc e s
and the experienc e oftheir teacher sare n otenou gh.
･ Toimprov ethis situ ation, itisimpo rtantto sup plythe experim e ntalap parat1柑 tO
A
the皿 . Ho we ver, so血e physic s expe rim ents c otl d be c o ndtlCted by llSing the
poptLlariz ed m aterialsin their cou ntry and utiliz ngthe skill.
･ We show how to tlSe the popularizedthingsin physic s experim ent andtr an sferthe
ap plic ation teclmolog yto the participants. For exa mple, PC is popl止ar to their
cou ntry, and the extension of PCtoI/0con也 olpro vide sthe wide us age On Vario us
e xperim ents.
･ To tr an sfer the applic ation techn ology, w e open the w orkshop, and the participa nts
n
.
ake s o me th ings there.
･ T he Vietn a mese stude nts alre ady experie n c edthe similar physic s experim ents at
their tmiversity. We Show ollrn e wlyde v elopede叩 erim e nts a ndte aching m ethodto
them , and disc u s sho w to progr e s s andpopularize the physic s educ a¢o n using
e xpe rim e nts
･ In th ispr ogra m m e, the m t1S eu mS a r e tlS edto丘nd andtotlCh m any scienti&c th in酢
by pa rticip ants.
(2･2)O bje ctiv e a ndpr o cedu refor m tlt1al under standing
I Mutt1alacquaint an C e and unde rstandingisim portantfor c ollaboration andpeac e･
T he stlC C eSS O r fhihre of collaboratio Ⅱ in futtlre depends on the 皿tltt1al
understanding and c onfidenc e s. Participant
'
sin 也 re st and cha r a cterisindividual･
To prom ote the nutualtnderstanding and incre a岳e one
'
s satisfactio ndu ringthe
program ne, we tlS ehom e stay. Theparticip ants r e皿ecto ntoday
'
s a ctivitie s andplan
the s cheduleforto m o r r o win detaileveryday at the stayingho me.
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3. Pro ceedings
T he a ctivities ofthisprogr am m e are a sfollo wsI T he fu llpr ogra 皿 皿 e S Cheduleis Show n
in Am e x2. An date xtbo ok ofthephysics experim ents us ed hereis atta ched a sAnn e x7,
where the c o ntentofthe expe rim ents ar e Written ･
(3･1)Part 1(Ca mbodia)
(3･1･ 1)Me e血 g
(3･ 1～1･1)Preli min a rytFleeting(18/09/2004)
Decide thelivingstyle, and makethe c onte nts of th isprogram mein detail･
(3･ 1･1･2)Opeming m e eting(22/09/2004)
Ge地 ng e a ch other and theinfo- ation of C hiba university･ Explain the p
u rpo s e,
c . ntents andpro c edu r e of th i8Progr a m mein detai1払yK･ To z aki)～
(3 十1･ 3)OfrlCialm e e血 g with Prof. %BhioFujii, De an, and Prof･ IhlOIs ozaki, He ad
.finte rnation alrelations of thefaculty(24/09/2004)
Getting ea ch othe r･ Disc uss abont the pro c edu r e sto pr om ote th
e m utual
tlnderstanding a ndc ollabor ationin the futu re･
(3･ 1･ 1･4)Finalm ee血 g(01/10/2004)
Refle ct the pr ogr a 皿 m e･ M ake dis cus sio n sto cle ar the benefit obtained and to
in prove the progr am me in the futu re･ Mr･ M itsuyo8hi M iyauchi,
M a n aging
I)ir ectD rOf A C C Ujoi皿ed th is m e e血g･
(3- 1･1･5)Sho rt m e eting atthe stayho me(18/09
･01/10/2004)
Re皿e ctthe a ctivity pas sed, and decide today
'
s onein detail･
(3･ 1･2)P hysic sexpe rim e ntatChibatmiversity
(3-1･21 1)Me as w e m e ntofequipotenti al 1ines(24/09/2004)
se ar ch the eqtlipote ntial1in e s o n anln minu m fo il, and u nderstand the cu rre nt
且ow .
(3･ 1-2･2)Mea su r e mentofgr avitationala c ele ratio n(25/09/2004)
Me a su r ethe gravitationala c c elr ation gu singthe Borda
'
sPen 血1tlm ･
(3･ 1廿3)Prope rtie s of hght I,Pola 血 ation(28/09/2004)
Me a stlre the lightintensity u sing a photo diode･ Unde rstand the polarization of
light.
(3･1･2･4)Prope rtie sof light Ⅱ, Di 駄action(29/09/2004)
obse rve the diffra ctio n patte rn made by a single slit, and determine the w are
leng也 of ligbt･
(3･112-5)Re so nance of the stringvibration(30/09/2004)
Make the re 抑n antvi bration on a stealstringbyforcingperiodical 1y with a m agn et･
confirm the r e s on anc e state s are the eige nstate s 0fthe w ave equation ･
(3･1･2･ 6)Mea sur e m entofe/m (01/10/2004)
Make the electm nlo ctlSin the m agneticfield, and dete rmine the valu e ofe/m ･
(3･1･3)Wo rkshopfo rtr ansfer te chn ologya nd m aking atChiba u niv e rsity
(3-1･ 3･1)M akingthe circuitof U SE I/0 for P C(20/09/2004)
･ Eachparticipa nt m ake s aI/0circuitbo ard wi thanI C, C Y 7C63001A･
･ con nectthe circuit toPCthroughU S Bport, and e xamin ethe functio n･
(3･1･31 2)Making ofcir mit te ster(25/09/2004)
･ Eachpar也cip ant m ake sa ci - it te ster, and examin es the chara cteristics ofs om e
ele ctricpartstlSingit.
(3･1･3･3)Makingoftheteles cope(27/09/2004)
･Eachparticipa nt unde r standstheprinciple andstructur e oftele 9 C OPe･ a nd m ake sit･
and obser ve sthe m o on w
･i 也it.
(3･1･4)Visit
(3･1･4･ 1)Otherlabo r ato rie sin ChibaUnive r sity(22/09/2004)
visit the labor atories and have an e xpla皿ation abo tLt re se ar ch obje ct and
appar a七岨 1)Low te m pe r atu r ephysics 恥 hori laborato ry), 2)La s er optic sutlrO
labo r atory)･ 3)StlPeTCritical且uidy ,ie nc e(N ishikaw alaboratory), etc ･
(3･1･ 4･2)Natu ral H istoryM u setl m and lnstitute of Chiba(C hiba)(21/09/2004)
T he n atu ral history of 也e Boso PeninstLlaisilu min ated there･ The exhibition s
are design edtobe both for educ atio n al and entertaiming pw pose. Fu rther more,
te mpor a ry speciale xhibition sba s ed on otl r new C Olle ctio ns or orlginal re s e arch
pr ojects ar epresented.
(3･1･4･3)Nati.n al M.1Beu m OfEm e rgingScienc e a且d ln nov a也ムn(恥 yo)(23/09/2004)
The m us eu m, a stheba sisforinterper sonalc o nta ct 血d forprovi dinginfor m ation
on thelate stscie nce andteclmology, dyn amic any exp ands v ariotlS activities, such
as prodtlCinginte rac伽 e exhibi血 ns, holding e v ents and semin a rs thro
ughwhich
everyone c ancontactthe appealofscien cedirectly, and m akingn ew cont組 t･ et
C･
(3- 1･4-4)Mu seu m of Maritim eScie nc e(Tokyo) (23/09/2004)
(3･1･ 4･5)Tokyobu stou r(Tokyo)(26/09/2004)
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(SI皇)Part2(Vietn am)
(3･2･1)Me eting
(3･2･1- 1)Preli min ary m eeting. Sam ea s(3･1･1･1)(05/10/2004)
(3 甘1･ 2)Opening m eeting. Sa me a S(3
･1･ 1-2)(05/10/2004)
(3･2･1･ 3)Of61Cialm eeting wi th De an and He adofinter nation alrelatio n s ofthefa c11ty･
sam e a s(3十 1･3)(08/10/2004)
･(3-2･1･4)Final m e eting.(16/10/2004)
Re皿e ct the program me･ M ake dis cu s sio n岳tx) cle a rthe benefit obtained andto
L
i皿 PrOVe theprogr am m ein the futu re.
(3･2･ 1･5) S hort m eeting w as d ai ly held at the stay hom e. Sa m e as (8
-1･1･5)
(o4-18/10/2004)
(3 せ2)P hysic s experim entatChiba university
(3･ 2･2･1)Properties oflight I,Polarization . Sam ea 畠(3
･1･1･3)(07/10/2004)
(3･ 2･2･2)Prope rtie soflight Ⅱ, Di 飴acdon. Sam e as(3･1
-l･4)(08/10/2004)
(3･2･2･3)Reson anc eof the stringvibratio n. Sa me a s(3･1･1
･5)(013/10/2004)
(3- 2･3)Workshopfortr an sfertechn ologyand m aki王将 atChiba umiv e r 8ity
(3-2-3･1)Making the cir mit of U S B I/0 forP C. Sam ea S(3十2
･1)(08/10/2004)
(3･2-3･2)Makingofcir mit 也ster. Sa m ea s(311･212)(12/10/2004)
(3･213･3)M aking ofthetelescope. Sa m e a S(31 1せ3)(1 5/10/2004)
(3･2･4)Ⅵsit
(3･2･4･1)Otherlabo ratorie sin Chiba UDiv
'
ersity. Sam e a s(3･ 1-4･1)(12/10/2004)
(3･2･4･2)Exhibitio n of C E A T EC2004atMakuhari Me s 8 e(06/10/2004)
Thisis a combined exhibition ofadv anc edte clmologies - Provi dingim age,
inform atio n and c om m tmications, and is the large st exhibi也on in As ia
c onc er ningtothisfield.
(3･2･4･3)Sights e eing and shop ping atA b haba ra(10/10/2004)
Buy 皿 any electr onic m ateri als andpa rtsfor the experime nts･
(3･2･4-4)Natio nalMtlS eu m Of Em erging Science andlnno vatio n. Sam e a s(3
-1･3･3)
(ll/10/20 04)
(3･2･4-5)SonyExploreScien ce(ll/1 0/2004)
(3･ 2･4･6)Chiba･ H iga shiH ighScho ol(12/10/2004)
o bse rve the lea rning cla s s, library and P Ctrai ming r oom s, and have the
explan ations, re spec也vely.
(3･2･4･7)Book Mus e 凪 , MartlZ e nBo ok Shop(14/10/2004)
sear chthe r eferencebo oks and buy then .
4. Tbch 血calInpⅦts
(4･1)We prepa red an Engli 血
･langu age editio ntextbo ok ofphysic s experim e nts to be
pro vided in thisprogra mm e, andthebo ok is atta ched in Anne x7･
(4･2)Thre e m aking m ateri als a re prepar ed forthe w o rkBhop･
(4･ 2･1)Telescope, KolkitK T･Spika(40 ◎,f=420m m)stIPPlied byOrbysCo･
(4･ 2･2)Cir mit m ultite
.
ster, K[T-8 DsⅦp plied bySan w aEle ctronicln stn mentCol
(4･2-3)U S B I/0, USB-I O V 8GnclⅦdeCypre s sCo. , CY 7 C 63001A)sup plied byTech o
･kit
co. and P Cprogram me Provi ded by Profes s orSato shi･ Ito u (Giftl Shotoku
Gaku e nUnive r 告ity).
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臥 0Ⅶ触o m e 母Oftheprogra 血 m ¢
級-1)P紺も1.(Ca mもodia)
I Pa rticipa n七島 pra ctic ¢d the e xpe rim ents v e ry hard, and know the re alphysic al
phe 温O 温 ena 野hicあぬaveb母enle a T 汲ed o nlyもyもo oks, pあoぬ s
-
a汲d塩比.
I Par也cipa n七s m ake 也r ee 鮎 ngs atthe wo rkshop a nd bringthem 七otheir coⅦn七ry.
T もr 孤 gh 也e prae奴 e, 也cy geも 汲e skinぬ n 泌 芸e 也e popⅦl配i2:ed 放逸g畠in 也 ぬ
co現温飯y. T hey can 汲 ake 紛n e aPParaぬ s a nd reve al 地位 eXPe ri汲 en七s in ぬ 母ir
e ot nなy,
事
事 Pa r滋細 孔n七鎧 Visi七七如e e nus et ns. T h野 組 腎 a ndぬtlC息8dn e w也i喝S ぬ Japa汲,
･ MtLぬ al acqⅦ ain七an 伐 and t nders七a汲d呈ng w e r efo rm ed, a 汲d 綾栂 POSS放 物 of
i琴prOVe n 組 毛in r eまations ande o opera怠o 汲 野e r e T e e Ogni芸ed,
･ 鞄 ぎe七 n a 汲y 8flg 酢威io ns 細 inpr o v e漁 母 Pも.y昏ie 昏 eぬe ation:for examp18, Whaもi良
n ore e 拓 e n也ala nd e空転e蜘 e 苛n逢e T也e e汝ctln 畠ぬ 温e e Ofe ac鼓 c oⅦ n蛭y 払cl態di王将 也e
lea r ningc o鴫 pas sion, et al.)
(5･望)Pa rt望.(Ⅵ如n am)
I Vie触 a m e separ点cipants ha v e al君紺 dy experie n ced 乱七1ぬeir 取乱ive r盛砂 血ephysic s
e耳pe ri皿 e ntS Who s e objects a r eSimila rto ot 耶 . Ho w e v er, the appa r a血 S, pro c edtu?e
and skillr equired are no七 島a m e. T hey 血ose 伽 ee experim en晦 and e野 erien c 位d
the m. In 也eB e 即申erim e ntB, m odern and inexpe n如 e parts are 朋 ed, a nd m any
ad3Ⅶsぬ g pT耽 edu 鰯 by hand ar e a TTanged. Å触 r 嘘蛭 PraC七ke, w edi既 uSS lぬ母
te a ching m ethodusingexperim e nt.
事 Par也癖 a ni簸 温 ake n aLny 洩血gs at 也e 郁 rkshop, 乱汲d ge七 蝕e s姐 也 Ⅵ滋滋2;e lぬe
popdarized 也ings in their c ountry 血om 也e tr aining. T hey c a n m ake s o m e
a 押 ar ぬ s and reve ai 也e expe ri汲 組 tSi温 故 eir e 搬n 蛭y. Alm e s七 anpar七近ip 弧 七s 野辺
腎O rk a七se c o nda ry畠Chool. T heknowledge andskillwinpo si 蜘ely a飽c七the r 軌
I par塩cipan毛s visibed n 菰野 Plae e s･ At 也e E 漁ibi滋on S
L
E A T E C
,
払 野 S a腎 ne W
eo nn u nie a塩on 野桑塊 n , appara触s, pa r犠 e･1e a r ni g 野St3e mタ etX:. an 払rough a day
v eryiRbe r e s飴dly and ex塊 汲Siv e短 T hey 野 e n七Å 払 abara and bo視 めt lあe 紀 C O 汲d
ha nd P Cs. Tあey yi威嘘d七野O n tt鍬 弧 n S, 弧 d 組 W and 也 nehed
'
n e 野蝕血gsin Japa n.
They visi嘘da high scho ol, and saw 瓦o腎 te aChingi温 軸 a n a nd 滋蛤 Ie a r ni g
ciret n sta n e 鵬. Th呼 Visi飯d bigbo ok sh呼 , a nd bo喝htm a nyr efer e 汲eebo疲 臥
書 Thre egirlpaiticipa nts w ere c o n加温ted w 池 dr e s畠tZpin 私 n on oa七鹿ayho n e.
･ 誕h触 al ae耶 ainta n ce a nd unde r8ta nぬ 富 野e n for m ed, a nd 也e po s島地ま抽 of
impr o v e m e nti relatio n a ndc o ope ratio n were r e cogniz ed.
･ We ge七 血any st唱欝母Stion畠 ぬ impr ove 払 e phy昏ic s eぬc a血 n:for example, ho 野 如
8
pTe S e n七the e xperim entCla 組 rO O n, ho w a nd whe nte a cher欝IVe Sque S也o nもo stude nt,
＋
ho 野 馳 ま汲p若O V稔 払e insな Ⅶ£塩o n もo威 ◆ 闇転 払e a rd 姐 ‡汲nO Va也事汲 iA E ぬaぬ n
pr ogr 鮎Sl ngin 也 鵬 e ye a r sin Ⅵe加 am 事
6. Com m ent8 弧dSugge s也o n s
(6･1)Fe edba ck fro m par也cipan七s o n也epr ogr 乱m m e
(か1-1)Part1.(Ca mbodi串)
･ Auparticipantshav e也ego od impre s sio n of也isprogra m me . A stude ntparticipant
s ays
``
Ic ould まnpr o v e nykno wledge tha七I have ne v er kn o w n cle arly 也e n before
stlCh a s e琴 e rin e nts abotlt O S Cillatx)r, propertie s of light a 且d othe r expe rin e nち
be c atlS e OⅦr e Ot nなydo not ha v e eq由pn e ntenotlgh for e琴perin entabot1七t払e 鼠
”
.
I So 鼠 e Par也cipa温七s s喝ge S七tha七 也e d Ⅶ a血 n of 也母 Pr Ogr a n n eぬ be lon欝e r.
How ever
,
w e也ink払a七也e c o s七a 温dti汲 ePe rfor n 弧 C eby elo nga怠oniszI O七8 W e.
I Toimpro v ethe C o nte ntsin ftl七w e, preparatio n ofn e w e琴 e rin en晦 S叩Ply and
tr aini喝 Ofstaffs, PrO Vidi喝 n e Wm ate rials a ndtx)Ⅹもbo ok 8hod d もe m ade.
I To m ake the ste ady c o n n屯nic a七ion a 且d e ollabo r a七io nbetw e e nDepa r恵汲e n七 8f
P hysic 8, Fa ctllty ofScie nce, Royal U hiversi砂 of P hn om Pen瓦 and 喝 theyprepare
to s end a stafftoChibaロniversity.
･ Apa rticipa nt w antsto studyin Japan, andprepare s払 applythe 8 eもolar8hipB OW
(6 1･2)Part2. Nietna m)
･ Alm o stparticipa nts se e m stobe s ati姐edinthispr ogr a m m e.
I Tode v eloptheprogr a m m?, expa nd I)thefieldtobiology, chemi如 y and others2)
the dtlration 3)tD Othe r stude ntsintheir c ou ntry4)thepa rticip antstogether wi th
othe r c oⅦntries.
･ He ad ofinte m atio nalr elatio n of Faculty of E du c atio n, ChibaUnive r sity wふs
in vited byFacdtyof E dtleation, NationaltJniversityof Vietn am , Han oi and
visi也dtbe re endof October2004. T heydiscus s ed ho野 tDPrO nO 也 也e c ollabora滋o n
in ftltu re. T heys ent 及 e atextbo oktlSed in 也eiz nova也on pr ogr母S Si喝 .
I A pa rticipa nta sks也e s喝 酢Stio n e oneer温ingtohis research 也e n e,
辛-UsingLoek
･in
Amph fierto Me a sllr etheln&aredSign al
一事七hroⅦghe
･ m ail, a nd we willr e印 OnS etO
his reqtle St.
(6･2)Streng也s a nd weakne ss of die Pr ogra m m e Obs e rved by theEO
(6 せ1)T he ぬ e ngths
I T hougも 也 e prontn cia塩o nofE喝1ish is slightlydiffer ent o n c ou nt3Ty and som eof
the pa r七転ipa ntsis not eno喝h to spe ak in En由ish at 魚rst, 也 e c o n nt ication
bet野 e en ea ch otherbe c o n es 也 be enotlgh in s o m edaysbythe us age of hon estay.
･ Objectiv e andpro e e血 re of也e e)EPer血 enta nd 腎Orkskop arequitx! Cle ar;也 erefore,
the par滋eipants getobvious& 由七島.
1 0
T he re ar e not w orldwide e血ibiton, m u8e Ⅷ ,library norbigbook shopin their
c ountries; the refore, theyfo und m anyinter e stedthings and wereinspired･
collaboration to progres sthe physic sedtlC atio nthrotlgh e xperim entis c ontin ued
by u singthe e
･
m ail.
(6･2-2)T b.e w e akne ss
･ T heybro ughtm any ctlPS Ofin stant no odlefro m the co untry, and w ant tobuy the
n.tepcs. we ar e notsu re thathow isthebe st w ayfor the m to spend m o ney･
一
I pr epa ration tim eisto o shortfor the mto c onsider what theydoin
fre etim e･
･ T he airticketspr epar ed fo rVietna m e s e are notadeqtlate; ther efore, theyc oul dn ot
ch ange theplane sm ooth ly atEho syu, andthe retu m date w a slate･
(6･3)S甘gge StionstoACC U
･ T he inform ation ofe xperien cesin the pastfrom ACCU m ay be valu ableto usin
preparing the c ontents ofprogram me ･
･ pr o vision of the op port unity fro mthisprogr am me to nextstep onebythe A C C U is
fav o rableto t1S.
ll
Ann e x1.
Ge n e r alinfo r mation forthepr ogram me prepa red bythe EO
E]Co ntents of the workshop c once mingin experim ents(Selectfro m the fo1lowin 酢)
1) M甲S u re m entOftheden sity ofs oli ds
2) Me a su re m e ntofthe eq血potential 1ines
3) M ea sur em entofthe specificheat
4) T he cha r a cteristi6さOfthetr ansisto r
5) Me a stlre m e ntOfthegravitation ala cc el ratio n
6) Oscino s c ope
7) Re son anc eon the ele ctricalcircuit
8) Properties oflightI伊olarizatio n and Refraction)
9) Pr operties oflightⅡ0)if&action)
10)Res on anc e of the stringvibr atio n
E]Co ntents ofthe workshop con c emingin thetr ans6er oftechn ology(Sele ct&om the
follo wings)
1) U tilzation ofpe rs on alc om ptlter(P C)to experim ent; additon of I/P(A D and I)A
c on verte rs), tim er, o scillosc ope and U S Epo wer sup ply functio n s･
2) Produ ction ofthe lnV- stabiliz ed v oltage s oⅦrc eby the use of A Cadapter and a
regulatorI C.
3) Making ofcircuittester, and itshigh
-
sen sitivity us ea sthe JIV and/or nA m eterby
the additon of ICpr ean plifier.
4) Making ofthetestcir mitsfor the us eofe xperim e ntofelectric re s on an ce, tr ansistor,
T T Land solar c eu.
5) Makingofa sim ple radio circuitfor unde rst andingthepri miple and functio n･
6) Pr oduction ofthelmK re solⅦtion ther m o meter andtemperatu r eStabilizatio nto ±
1m K u singa P C.
7) Pr odtlCtion of the1FLT sensitivity m agn etom eterbytl Singthe hole senso r･
8) T he tlSe Ofthe pha se s e n sitiv edete ctio n and S N improve m ent techniqtle･
9) Aco ustic e xperim entsyste m u singa c a ssette tape re c order･
10)How to us ethe T Vrem ote c ontroller a sI R light sou r ce and sen sor
l1)Makingofthetele 虻OPe･
An 皿eX 2.
Progr a 皿 皿 e 配hedule
P A R T 且(Ca Ⅱ血odia)
D AT Eand A C TIVIT Y V E N U E
D A Y l 17/09/2004(F ri day)
Flight(1stgro叫 3pe rs o n 8) C A M B O D IA
J A PA N
18:55-19:35 V N818Phn om Pe nh･ HoC hi M inh
23:40･07:25 VN 950 HoChi M inh･ Narita
D A Y 2 18/09
.
/2 04(Saturday)
A M: Ar riv e. Chiba
Hom e
P M: Guidan c eto u nive r 8ity･ Pr eli mi甲ry m e eting･
Eve 血 g: W祉o m eparty.
D A Y S 19/09!2004(Su nday)
Guidan ce toChiba city C hiba
I)A Y 4 20/09/2004(Mo nday)
A M: Workshopl(Make the circuitof U S B I/0 forPC) Chiba Univ ersity
P M: Guidan c etolabor atory.
D AY S 21/09/2004(Tue sday) ･
Flight(2ndgro11P;8per sons) CA M B O D IA
JA PA N
18:55-19:35 V N818 P lmo m Penh- Ho Chi M inh City
23:40･07:25 V N950HoChi M inh City LNarita
Visit the Mus etlm OfChibaPr efe ctu re(1stgroup;3perso n s) Chiba
D A Y 6 22/09I2004(Wedne sday)
A M: An riv e(2nd grotlP;3person s). C hiba
P M: Guidan ce to univer sity. Opening m e e血g
D A y 7 23/09/2004(T lmrsday)
VisittheNatio nal MtlBe u nOf Em ergingScienc e and ln no v ation Tokyo
D AY S 24/09/2004(F ri day)
A M:Physics experim entl(Mea sure m e ntof the equipote ntial C hiba Univer sity
line s)
P M: Meeting wi th Dean oftheFaculty and He adofintern ational
relatio n s.
I)A Y 9 25/09/2004(Satu rday)
A M:P hysic sexperim e nt2(Me a 8tlrem e ntOf thegravitational C hiba University
acceleratio n)
P M: Workshop2(MakingoftheCir c uit te ster)
DA Y IO 26/09/2004(Su nday)
TokyobtlStOu r. Tokyo
DA Y ll 27/09I2004(Monday)
Workshops(Making of theteles c ope) C hibaUniver sity
D A Y12 28/09/2004(T ue sday)
P hysic sexperi皿 e nt3(Propertie sof hght I, Polariz ation) Chiba University
D A Y13 29/09/2004(Wedne sday)
p hysic sexperim ent4(Prope rtie s of hght Ⅱ, Dif&a ctio n) [chiba Univer8ity
D AY14 30/ 9/2004(Tht u sday)
Physics e xperim ent5(Re so n a nc eof the stri喝 vi bration) ChibaUniv e rsity
D AY15 01/102 04(F ri day)
A M:P hysics e甲erim ent6(Measu r e mentpofe/孤) C hibaUniversity
Hom e
P M:Final m eeting. Return pr epar ation .
Evening:Shortfa re w ellpa rty
D A y 16 02/1 /20 04(Satu rday)
Flight
JA PA Nll:00･14:55 V N 951Narita･ Ho C hi叩inhCity
17:2 0･18:10 h V N819 Ho C hi M inh City
･Phnom Pe nh CA M B O DIA
Pa Tt虫(Ⅵ如 皿gn)
D AT EandAC TIVIT Y V FJ m
D AY l 04/10/2004(Monday)
Flight
VIE T N A M10:45-13:15 C Z 774 Hanoi･ Kosyu
15:10-20:20 C Z 765 Ko syt1
･ Narita J A P A N
D AY 2 05/10/2004(Tue sday)
A M: Preli min ary m e eting. ChibaUniversity
Hom e
P M: Guidanc eto u niver8ity.
Evening: Welcom eparty.
D A Y S 06/10/2004(Wedn esday)
Visitthe Exhibitio n(CE A T E C 2004) Makuhari
D AY 4 07/10/2004(T lmr sday)
A M:Ph如ics experim e ntl(Propertie s oflight I,Polarization) C hiba Univer8ity
PM:Guidanc eto experim e ntcla s sro om .
D A y 5 08/10/2004(F ri day)
A M:P hysic s e叩 erim e nt2伊r opertie s oflight H, Dif&a ctio n) ChibaU miv e rsity
P M: Wo rkshopl(Make the circqitof USB I/O fo rP C)
D AY 6 09/10/2004(Satu rday)
Free tim e(Typho o n) Chiba
D A Y 7 10/10/2004(Sllndai)
Sightse ei王将 andshop ping atA k 払abara Tokyo
D A Y S. ll/10/2004(Mo nday)
Visitthe NationalMllS etlm Of Em e rgingScie n c e and ln nov atio n. Tokyo
VisittheSON Y ExploreScience .
D A Y 9 12/10/2004(Tue sday)
A M:VisitChibaH igashi highs cho ol and laboratorie sin the C hiba
Chiba umiversity.
P M:W o rkshop2(Makingofthe circ uit tester)
I)AY IO 13/10/2004(Wednesday)
A M:Physics e耳perin ent3(Re son an c e of the stringvi bration) C hibaU miversity
P M: M eeting wi th Head ofinter nationalrelation s.
D AYl l 14/10/2004(T lmrsday)
Visitbo ok sto r e. Tokyo
Ev e m ng:Dre s sllpinkim ono. Ho m e
D AY12 15/io 2004(Fri day)
A M:Refer e nc e atlibrary. Chiba U miversity
P M: Workshops(Makingof thetele sc ope)
DA Y13 16/1 0/2004(Satu rday)
A M:Fin al m e eting. C hiba U miver sity
P M:RetⅥ∫n pr epa r ation Ho m e
DA y14 17/10/2004(Stl nday)
Retu r npreparation1. Shortfa r e wellparty Hom e
D AY 15 1 8/10/2004(Mo nday)
Flight
J A P A N10:00･ 13:45 C Z766 NaritaT 胤 o sytl
20:45･22:20 C Z367 K ho syⅦ ∵
- Ho Chi M inh: VIE T N A M
D AY16 19/10/2004(Tue sday)
Flight
VIE T N A MHo C hi M inh - Han oi
An n ex4. L音名色o官ヨe c紬rers a ndre s ouce 沿e r$ O m S
P ROG R A M M E T H E M E: Popularizatio n of higherphysic s edu c atio nthro ugh e xpe rim e nt
杏 ･粗
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1 Ke n-ichi To zaki M Proffes o r Chib al Uhiversib, Le cttlre
2 Sato shi Matsuda M Asso ciatePr offes or Chibal Uhiversity Lectu re
3 Tetsuya Kacto
- M Ass ociatePro飽 sor Chib al U hiv ersib, Lectu re
4 Aya Ya m am oto F StLlde nt Chibal U hiversity Tea chinE aSSistaJIt
5 H 辻omi Matsu ur a F Stude nt Chib al U hiv ersity Te achingassistaLnt
･6 Na oto Oz aki M Sttlde nt Chibal U hiversity Te achinE aSSistant
7 Teruhiko Yashim a M Studed Chibal U hive rsity Guide
8 Take ru ho m ata M Student Chib al U hiversity G 由de
Am ex. 5
Pa rt 1:Cambodia.
Ⅰ丘stofvisitpla c e
O Centr alLibrary ofChibaUniv e r sity(C hiba,18･ 30/09/2004)
O Labo ratoriesin ChibaUniv ersity(C hiba,18･30/09/2004)
O Nattlr al H istbryMtlSeu m and lnstitute(Chiba,20/09/2004)
O Nation al MllS eu m Of Em e rgingScienc e a nd lnn ovatio n(Tokyo,23/09/2004)
O Mus ell m Of Maritim eScienc e(Tbkyo,23/09/2004)
O BtlS tou rin Tokyo(26/09/2004)
Part2: Ⅵetnam
O Central library of C hiba U miver sity(C hiba,6･16/10/2004)
O Labo ratorie sin ChibaUnive r sity(Chiba,6･ 16/10/2004)
O Exhibitio n ofCE A T EC JA P A N 2004(Makuhari Me s s e,06/10/2004)
O Ele ctm nicsS hopping Anea of A kihabara(Tokyo,10/10/2004)
O National Mu 維 u m Of Em e rgingScienc e andlnnovatio n(Tokyo,ll/10/2004)
O Mtl Setl mOf SonyExplor eScie n c e(Tokyo,ll/10/2004)
O C hiba･ H iga shi H ighScho ol(Chiba,12/10/204)
O Bo ok MtlSet m
,
Ma r u zen Bo ok shop(Tokyo,14/10/2004)
血 皿e X. 6Textbo ok ofthephysic s e xpe血m e 皿tB
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Physjc蜘 Gro up
Chiba Univ ersity
(2004)
Thble ofConte n由
1･ Me a sllr em entOfLength andthe Densityof Meta1
2･ Me a su re mentand Drawingofthe Equipotential Lin es
3. Speci丘cHe atoftheAto mic HeatofSolids
4. T he Voltage
･ Cture ntChara ct肝i8tic s of 也e Diode
5･ Me asu rem e nt
J
ot Gra vitation al Acceleration uslngthe Borda
･
s Pe ndtl血 n
6. Oscillo s c ope
7. Reso na n ce on the丑1e ctricCircuits
8. Prope rty of Light1(Refraction and Polarizatio n)
9. Property of Light2(Di蝕actio n)
10. Re s on an c e Of theSt3TingVibratio n
1
2
4
6
7
10
13
16
18
21
M e a sur e m e ntofLength良ndthe De n sity ofMetal
.
O B JE C TIV ES
1) Understandthe principle ofa c alipe randa micro一 皿 eter, and lea rn the tlS age 8kiuof
the m.
2) EvalⅦate the a c ct m cy a nde r r or ofthe obtained vahle
3) Determin ethedensity ofthe m etals a mple witherror
A P P A R AT U S
Ste el ru1er
, Cal iper, M icro
･
m eter, Balan c e, Calc ulator
P RO CE DU R E
1. Me as u retheheightandthediam ete rofa s a mple rod wi ththr e etx'olsなuler, c aliper
mic ro･ m ete r), re spe ctiv ely, anddetermine the e a ch er ror sc onsideringthe probable
andtheinstru m e ntaler rors.
2･ Determin ethe voln m e of the s am ple and its err o r.
3･ Me a sⅦ re 也e weightof the s am ple withab ala n c e, a nd determine thedensity a ndits
e r r or･ Dis cus sthe r e s ult c o mpering with the r efe r e n c e value 118ing the e r r o r s
deter min ed.
Qu estio n
l･ Mea su re the density ofthe s ample with adife rent w ay, andc o mpare the r esult with
thefor mer.
T he m e a s u T e m e n七of 払e equipo七e ntiallin e s
.
(DT a Wまn欝 地e ele ctric equ皇po七e n七ial lin e s)
O BJ E C TⅠⅤ苫S
To s e a rぬ もke equ 呼 O毛e n滋急1lin e sin eま紅もrie免elま
To 硯nd8 T Sもa ndもhe c um nも 鮎 w(dir 飢七皇on 汲nd 払ede nsity),
ÅP‡浪R AT U S
&
Dだ po we T 8 0 現 君eehbo覗七3 V), L組d wir e a n達 也 盈毛 w 漁 a Te Si8tOr(abo 現も1.2釣 Di欝紙数ま
v ol七m e七e r, Alu min u m仏力foil, 0ま1in e s fel七ー七ip pe n, W o od bo乱rd, Tr 亀Cin欝PaPe r.
P ROC E DUR E
ユg Cuも 蝕e A l foilsii欝h dy s m ane T 昏i芸e 七払 弧 也 a七 ofa w oo丘boa rd もo putt Caip oだ 弧
a･rbitraryShapein sidethisfoillike a nar e aB in Figu re8･ On cuttingthisfoil, atte nd
払e c uもe n挽 汲0七七o c uもinもo ぬ e w o od boa r漁 a nd七obe on a clo 昏姦d e u r v 母. Do n才毛 細 m 現p
七hiBfoil. T hen s七ick七his 払il七o 七he wood bo ard with w ater.
望◆ T野isも七o puH 組 d wiT 鮎 七opin s宅地 u mbも鼠eks)a七母Ie ぬ oae8P a ndQ, T e SPe C伽 eiy, and
鮎 鮎 mly n o七七o mo v ethe s 母 O n e 凱Tbe n c o n鮎m 払e 搭0 0d el母ぬicalc o ntac七betw 母億n
皇e ad 腎汝es 汲nd七heÅi foil.
乱 A d紬s七也 e pow e r sup ply volta富e that the ele ぬic c u Tr 母n七七obe abou七1A, 象nd ke ep
払e c u T re n七 eo n sta n七du 血 g 也 e 母琴Pe rin e nも
4, To ge七 an eqtdpo七弧七ial hne才 Pu七払 e e nd ofan nptl七pまn ofv o比 n e七e TOn b汲8is poinも
芸1, 払 e n nov患 地 象七 of七he 虎もe rpin 七o s 組 r Ch a n o也 e r s e マeralpoin毛8 at Whi盛 放 e
ele虎r主cpo七孤 七ial is eq,Li al七o 也 a七ofx i(poin七yin F短.銑 鉄nd co nn e虎 蝕 ese pointsby 汲
s m o oもh C u rv e. Ⅰ七's n e e e s 8ary 七o 七ake 七he di醜a n c ebe毛w e e nもhe neま紛もo ring poin毛s
sho3:もbec a u s 哲也 e 昏琴uip虎 e nti急1lin e s n野 eu rVe abr np和 平e a T払e e逢ge of Al foil書
5. て払 deseribe an o払 e r equipo七e nもial iineき 魚na n e w もasi畠 POint x急 an丘 8 飽 r eh ももe
eq吻 oもentiaipoints. Repe a七七hi8 腎ay七o欝e七 o払 er e琶uipo七e nも汝11 払e畠* Ⅰfw e毛ake 毛he
po七en七iぬdi 飽re ncebe紬 ee nn ei欝hbo rin欝ba sis points(xl,X 2,Ⅹ8, - ･ )tobe con s七乱nt,
- 払 eai昏七an e ebe七野 e e 温七he 汲eighboTing 母耶ipo七e 汲七ialline sisin v鮮 Sely pr opo3Tもion al触
the po七e n七ia1Slope, the strengthofa nele ctric 鮎1do ntheA lfoil.
6. Cop y払 e equ軸o七e n七ial lぬe畠 O nも態eAifoiiもo a毛若 鮎ing pape r.
7. Dr a w lO･20cu rre n七 hne sin broken ones by prolongingtheline a s占ro 畠Sing the
l
equipoもen七まai 払n esperp弧dicula rly.
R E 凹A R 琵S
2
a) Poin七the equipo七e n七ialpoin七s o n瓜 foilshe e七 with oilin e s sfelt･七ippe n.
b) Pay a七七e n七io n 七o m ake go od electric cont左c七 a七 ele c七r ode s, be ca us e no七 e nough
c on n e c七io n c a m.s e s alm o st alltr o uble s.
c) The c u r r e n七inje c七ed fro m the ele ctrode Q凸ow s alo ng七he cu r r e n七1in e s o nthe she et
and is abs o rbed a七 a n o七he r ele ctr odeP. Ⅰ七shoul d be n o七ed七ha七the c u r re n七1in e sdo e s
n ot cr oss e a ch other n o rdis appe a r.
a) In the vicinity ofthe Al foil ed節 , the equipo七e n七ial 1in e s a r epe rpendicula r七o the
edgelin e'
'
the r6fo r e
,
the c u rren七1ines a r eparallel七o the edgelin e.
R
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Fig.2
T he spe c迫 che at a nd七he ato miche atofs olids
O B JE C TIV E
To m e a s u r eth s olid's spe cifiche atwith a c alo rim e七e r usl ng七he miⅩing m ethod.
To c o mpr ehe血dthe c op･c ept ofthe atomiche ata nd Dulo ng
･Petit'sla w.
T H E O R Y
Aqu a ntity of he atrequir ed七o r ais ethe 七e mpe r a七u r e of lg ofa ce rtain s ubstancesbyl王こis nam ed
the spe cifi che a七 ofthe 糾 bsta n ce･ The spe ci丘che a七 of lc aug･ E isdefin ed as七ha七 valu e of w a七e r, 伽
at 16
'
[℃】･ A w ate r calo;im ete ris co n s七m cted by a co ntain e r co ntaining w ate ra nd a the r m o m ete r.
The cup l S m ade of styr e n efo a m七o pr e v e n七he a七 e x cha nge betw e e nin side a nd o utside. In this
expe rim e nt, w e ign o r ethe he at c apa city of七he cup a ndthe the m o me七e r･ He at the te s七 s a mple of
m a s s mo[g〕七o C2[℃】, a nd im m e r sei七to ml[g】w ate r a七the 七e mpe r a七u r eof G1[℃】. A fte rthe stirring
ofw ate r, the 七e mpe ratu r e will be 8[℃】･ The qu a ntity ofhe a七1o sto nthe substa nc ei8 equ al七o that
w ater ob七ain ed･ Usin嘗the spe cifiche a七 ofthe s a mple, c[c al/ど I K], the r elatio nis
m o
･ c
･ (C 2 - C) - m ) ･ ctF ･ (C - CJ) .
T he r efor e o n eand
C =
ml
･(8 - 81)
m o
･(82 - 0)
c
w
[c al/g ･ K] . (1)
AP 拙+R A T U S
Styre n efo a m c ups, Platin u m r e sista n ce七e 軸 e r atur ese n s o r, Nylo n七hr e ad, Te如 sample s(Cop pe r,
Alu min u血), Digital m ulti- m ete r, Bala n c e, Stopw atch.
P R O C E I)U R E
1 . Me a sllr ethe m a s s ofa te st s a mple, m o[g】with balan ce.
2 ･ Attaching a thr e ad七o e a ch s a mple, a nd dip a nd w ar mitin boilmg w a七e
r
r.
3 I Do ubly piled o･ ups a r e-1 S ed a s a co ntain er ofw a七e r･ Me a s u re the m a s s ofthe co ntain e r, a[g].
Ne xt, put w ate rin七o the c o ntain e rby abo u七 o n ehalfa nd m e a s ure the 七o七al m a s sM【g]. The
dif6e r e n ce(M - a) [g]is equal七o m a s s ofthe w ate r, m l[g]. In o rde rto m e a s u r ethe w ate r
te mpe r atu r e, u s e aplatin tl m r e sista n c ethe r m o m ete r1).
4 I A fte r w a rming the s a mple e n o ughin boiling w ate r, m ea stlr ethe w ate rte mpe r a.七tl r eG2[℃]
a nd u s eita sthe s a mple te mpe ra七u r e･
5 .
6 .
Me a s u re the te mpe r atu re ofw ate rc o ntained in the c alo rim e七e r e v e ry15s e condsfo r5 min u七e s.
Re c o rd the tim e a ndthe 七e mpe ratu r e･ Du ringthe m e a s u re m e n七s, e n o ugh stirringthe wate ris
n e c e s s a ry.
Tra n sfe rthe w a r m ed s am ple 七o the c alorim ete r with c a r e abo utfollowing points;1)七ake 七he
m e a s u re m e nt oftim eよndte mper atu re e v ery5 s e c o ndsfo r5 min ute s, 2)tr a n sfer quicklyto
4
pT e∇en七h組もieak, 3)ifla rge a m O u n七 ofw aも貯 まs a ぬ che妓to 払e Sa mple o n 蝕 e七T a n Sfe T汲bままま奴
wまpe 紘 aw ay w吏ぬ 七is s鴫 威 sぬ も鼓e wa七eTもy m aking 蝕 e 昏a m Ple 呼 and ぬw n 81owly皇nま七 so a声
n oも七o sc汲恵七eT 也e w aもe Tもo 邑iido T O uもsia母.
7 . T払e w aも昏T七郎 nPera 紬 T e ri紙 8 quic汝Iy and r組 Che s七o 払昏 n a Xim u m, a nd be欝in s tofall酢 aぬ ailァ
a氏e r a 腎hile, A 免e r払 e もe npe r a七u r ere aehe 澄もo 払 e n a xim n m, m eas n re 払 e七e mpe r a紬 re e v e ry
15s ec ondsfo r abo uも5 min utes.
8 . Draw a 欝r aPh of七e mper魚七tlre V a ria七io n(take the 七im e along a ho riz o ntal 乱Ⅹis, and 也e
七e mpe Taぬ r e a verticalon e). U si喝 払isgraph, e ぬ m a七e C T鷲S, a七e mpe rature ofw 乱七er r eaches
if払 e calorim e七e rha s
ジ
n o heaもまeak. The spe ci 鮎 hea七 wilまbe given bypu紙ingCi, ♂ 9 and ♂
into equ a也orHl)
R E M A R E S
a)Ⅰn 払i昏 e3CPe rim e nt, acc u r a cy win beimpr o ved ifthe 七e mper魚七㍑ T e Of七he 腎a七なr Pu ぬ ngまn七o 盈
calo rim e七色r i8 a 蜘 s去edべ S O 地温七 也母in ぬ alw a七e T七empe ra七㍑T e# 3 [℃コ a nd 漫n 汲Io汲e #t℃ヨ m ayhe
野 m m ぬicalo nboth siae 8 Of払e r oo n 七e npera ぬ r e･
蜘 anぬ rd v alu eof 也な SPeCi急ehe a宅(25℃)3
Al払ぬ n皇e w eight望臥98) :5,82kal混
■
暮 n Ol】
c硯払ぬ n皇c 腎 ei癖毛63,5 轟6):5 朗tcau KI n oi]
Ho腎e V er, ぬ egdepe 汲d o界 も母 mpe r ai硯 r eand ine r e汲Seby abo硯恵0書望5 % 混醜 m om 毛e mpe r aぬ Te♯
tp 血ciple a n盈peTfo でm a 汲C eもesもof 蝕e re siぬ n ce 払 昏 m O m 醜e T3
i)腎he 君e S主8tan ee Ofa piatin 現 m Te 昏iぬ r, 馬 連母Pe n鼓s o n七he毛e npe raも現r e: 蝕 e reia 鮎 n is 母XPT e S S e速 急S
R紹タ = A ＋B TくT: 瀧 m p 紺 醜 u r e【℃H
W he re
,
A a n丘B a r e c o畢S七a nts. T here 蝕 e, 汲 e もe npe3:a七u reis giv en by 払 efollo w主喝 eqn a七ion ･
T ニ (X(i:P - A)/ a.
望)In oTae Tもode 如 nin e冬a nd B, u s e短 o standa rd七e npe ratn r ep申nもs 払eezing a nd boilingpoints
ofwaもe r). T he 鮎 ezi喝 POinもis0.OO±O.01℃ and 也ebojin欝POin七is99.97逢士O101℃ aも1aもm ･
3)駁 ea su r e七ムe valu e of Rw 池 adigital m nl七i･ m 威e T.
4)㍍ ea Btlr eもhe r o m もempera触 re a ndyour もody七e mper a七血 e, and w rite the min you rb o七eもook. .
T he v oltage
-
c u r r e ntchara cte ristic ofthe diode
DB JE C TIV E
M e a su r ethe s七a七ic cha r acteristics ofa aiode, andu nde rstandthe prin ciple ofits rec七i免ca七io n. .
rⅠⅠEO R Y
As sho wn in Fig･1, the voltage Vsis ap plied七o the s e rie s cir c ui七 ofa diode D and･ a resista nc eR, a nd m ea s u re
the c u rT e n七1(= 地 W he nthe voltage V(= WG- 瑚 i島 applied七othediode, the c u rr e n七due七o ca rrie r sex cited by
the electric po七e n七主alis giv e nby
･(v)- Is[exp〔計1〕･
閤もe r e ais ele ctric cha r欝e, ゑBoぬ m a n n constant, Tabs olu七e 七e nper a触 re, fsin v e rse salut ation c u r rent. 閤もe n
T- ヨoo k,豊- 39(V･1)･ Ifabov er elationis existed, the -ensu r e - e n七points wi ll be o nthe str aightlin e with a
gradie n七of ヱ intheln(i(V)＋Is)v 凱 Vplane .
ki
A PP A R A でロS
Circtlitboard(diode, r e sisto r(R≒1k EH), Digitalpo w e rs ou r c e, で野Odigitalv ol七m e七er8, Le ad wir e s
P R O C E D U R E
① Me a s u r ethe r e sita n ce Ofa re 8is七o r with digtal m ulti･ m ete r, a nd co nfigure and con n e c七the appa r atus a 8
sho w nin Fig.1.
② Re c o rdthe valu eof VTby cha ngin欝the sup ply voltage Vs かo m OVtolO V bythe ap pr opriatein七erv al臥
③ To sup plythe r eversevolta欝e On the diode, cha nge the polarity of le ad wir e.co n n e ctio n a七the so urc e o utput
te r min al(＋)a nd(･).
㊨ Draw a graph of Jv 乱 Vande s七im a七e the valu e ofsatur ated in v e rse Cu r ren七fs.
⑤ Draw agr aph ofln(Ⅰ＋Is)v8. V;anddisc us sthe r e st1七.
p
t
T色ぬ
D
Po 腕 ト
gnp.療′
Vs
碗 こi嘘
氏
了
Fig.1
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Me a s u r e m e ntofthe gr avita.tio n ala c c el r atio n usingthe Bo rda
'
s pe ndultl m
OBJ EC TIV苫
Me a s u r ethe 富raVita七ion alac c eleration a at thispoin七 u singthe Borda
'
s pe ndulu m within a nac clユra Cy Of
0.1 %一
T H E O RY
A8 Show n in Fig.B
･ 1, a rigid body r o七a七es upo n aho ri2;O n七ala xis 0 by七he gravity; thein e rtia m o m e nt
isde noted byI Ifw ede n otethe m a s sby M a nd adista n c ebetwe e n也 e center of欝r a Vi七ya and 0 I)y克 也e
equ atio n of m o
.tio nis gIV e nby
･雷- - MghsinG･
取 e re, ♂ is a n a nglebe七腎 e e n払e pln mb 泣n e a nd 払n eO G, as sho w nin Fig.B･1.
Ifthe a nglei8 8 nallertha n abo n七0.05r adia n(2.9
¢
), 腎 e C a naP Pr O Xin a七e as Sin
6キ 6
,
a ndthe eqtl a七ion of m o七io nis欝IV e nもy.
d28 Mgh@
･･･ ･ ･ - 芯 ･ ･ - ･ - ･ - ･ ･ ･
･ ･
･ ･ ･ ･ ･ -
dt2 I
By s olvin欝the equ atio n,the pe riod ofo seilla七io n, T is giv e nby
T = 27T
∫
ugh
T her efo r e
4方2 I
g = 巧㌻石高
As sho w nin Fig.B
-2, a m etalball a ishu ng with a 七hin wir eW . Dia m ete r of
らis abo ut4c m, a nd length of Wis abo utlm . N is a s up po rt 七o oltha七 c aptu r e s
the wir eby a chtlCk Ra nd is plac ed on a stage S with a knife edge co n七a c七.
′
ヽ
Up pe rpla n e ofthe StageS is polished a ndsho uld be sup po rted ho riz o ntal lyby
ad3u 盛 ng七もr e e sc r e w s. Atetr ahedr o na ngleis怠Ⅹed七o thede sk bytw o cla mps･
Du Ti喝 the o8Cina七io n ofpe ndulll m, relativ epo sido血 a mongN, W, and 堤do es
a
A
Mg
F ii名 急 - 1
エ) ●N
.
t
G
:R
W
.
き
- '
＼
･ .
I
亨 i慈 33
- 2
n o七cha n欝e, andthey 腎illbe co n side red as a rigid body･ Ther efo r e, w e ca n u se七he abov e equatio n with
I = M(i.,)
2
.1M,2 .
5
苛he r e
,
H is m a s s oftheもan, r r adius, a nd l 払edi8tan eeb
'
etw e e n也eknife edge(也e s tlP PO rぬ g poin七of
払 e pe ndulu m)andtlP Pe T e nd of 蝕eball･ The n a gs ofwireisign o r ed bec a u s ei七i8 m uch s n a11e r七瓦an M
The r efo r e,the gr avitation alacc ele ratio ni8 giv e nby
g -i(i･ r ･i&)I
7
A P n lR A T U S
Bo rda's pe ndulu m, Rule r, C al ipe r, Le v el, Stopw atch, Ste ela ngle, Cla mps
P R O C E D U R E
① Make the up pe rpla n e of七he stage S ho rizo ntally with ale v el by adju sting七he s cr e w s･ Seta knifeedge
N o nSto m ake right- a ngled七o acu七 of S.
@ Atta ch o n e e nd ofwire W to chu ck Ra ndthe othe r o n eto abau aatB･
③ Os ci11ate the pe ndulll m a nd m ea s u r ethe 七im eTlin whichtha七 o s cillate s10tim e s;
④ Re m o v ethe wir efr o mR. Os cillate the s up po rte r witho utpe ndtlu m lO七im es a nd m e a s u re the 七im e
Tl' . MakeTl'七o ap pr o ach with Tlby adju sting a s cr e wD atta ched a七top of N, the op po site side of R･
⑤ A七七a chthe wir e W 七o R, a ndbu ngthe pe ndulu甲 喝 ain ･ Th占 wir e Shouldbe str aight a nd n ot 七wi8t･
S wing the pe ndulu m with a n a ngle of 6 degr ee s o rle s s･ A spindle r otatio n n o r a n elliptic al m o v e m e nt
oftheban is n ot ap pr opriate.
⑥ Ⅰ七is es se ntialto m e a s u r e七h o s cillatio nperiod, pr e cis ely. M e a s11 r ethe 七im e c o n七in uQu Sly o n e v e ry 10
o s cillatio n sfo r20tim e s. On epe r s o ngiv e s a n othe rthe sign whe nthe pe ndulu m swin昏S a c r o ssthe
plu mb lin ein s am edir e ctio nfor lO七im e s･ Anothe r re ads the tim e 七il1 0･01s digit whe n the signis
r e c eiv ed, a nd re c o rdthe m .
⑦ Me a su r ethelength 1 fr o mthe kn ifeedge of N七o the up pe r e nd of G with a r uler u nde rthe c o nditio n
that the pe ndulu m is r e sting･ . Ne xt, m e a s u r ethe dia m ete r of G七o O･05m m with a c alipe r s ev e r al
tim e s.
⑧ c alc ulate the v alu e .fgr a vi七atio nal･a c c el占r a七ion aby putting T1, 甲d rinto the abo v e equ atio n･
Ftlrthe r m o r e, calculate the m e a sllr e m e nt err o r, a nd dis c u s sthe dif6e r en cebetw e e n m e a stlred valu e
and. the sta nda rd v alu e(9 79.78c m/s2 a七C hiba).
E Ⅵ吐JUA TIO N O F E R R O R
The e rr o r ofgr avitatio nala c c el r atio na, Aa is giv e nby
Ag -((SA T)
2
･(%Al)
2
･(%Ar)
2 0'5
I
Whe r e,AT A l, a nd Ar a r e e r r o rs ofT1, a nd I, r espe ctiv ely･ Fu rthe r mor e,
%- i(l
l
･ r ･i# -2i
a nd
8g ⊥ 47T
2
A
81 T
2
=
l＋
g
r
- I
T
■■■ ‾ - ‾ ‾ - -
If A l,＋? A■z･
,
w e c a n o mit the te r min cluding Az･; the r efo r e, A g will beglV e nby
･g - g(〔2芋〕
2
･(A〕
2
‡
0-5
AP P E N DI X
sin ce 七he m a s s ofthe wir e sup porte r(D,N,R)is n ot n egligibly s m allco mpa r ed with ” the ce nte rof
gr avity ofthe whole o scillating po rtio ndo e s n otagr e e withthe ce nte r of Ball G･ The dist an c e
ムfr o m0to
the cente r ofgr a vity withthe s up po rte ris giv e nby
h =
M(l＋ r)＋ M
'h'
〟 ＋ 〟 I
Whe r eM ,, Pa nd A
,
a r e七he mas s
,
m o m e血tofin e rtia, a ndthedista n c ebetw e e nthe a xis 0fr otatio n a ndthe
c e nte r ofgra vity ofthe s up po rte r, r e spe ctively･ Theperiod Tofthe o s cillation will be giv e nby
T = 22T
J＋ノー
(M ＋ M 7)h
If(T＋1'jLl(M＋M ')A =1
'(^M ph), thefollo wing equ ation s willbe giv e n:
I＋II I＋ P I
' ∫
(M ＋ M -)h M(l＋r)＋ M
'h- M -h' M(l＋ r)
Ther efor e, ifw e m ake Tl
'
= Tl(theperiod ofo scillatio n ofthe sup po rte rto be equ alto tha七 ofthe whole
pe ndulu m),the cha nge ofperiod bythe u s e ofs uppo rte rdoe s n ot o c c-1 r･
FQ卜 餅 蝕やk∴
回数 舌2L 回数 士1 ち 一 七1
100 J3m33S･50 0 0 3m33S50
110 3m54S80 10 21S32 3m33s48
. 120 4rn16slO 20 4 2$70 3m33S40
130 4m37S51 30 1mO4SIO 3rn3 3s41
140 4rn58
s80 40 1皿 24S39 3n 3 3S41
150 5m20s20 50 1m46s80 3m3 3s40
160 5m4 1S50 @0 2
mO8S20 3rn33830
170 6mO2
s78 70 2m29S45 3m33S33
180 6rn24s19 ･ 80 2m50S82
'
'
3m33S37
190 6m45S50 90 3m 12slO 3m33s40
平均 3m33S40
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0s cillo s c ope
OB J ECTIV ES
TD u nde rstand theprin ciple ofthe oscillo sc ope and a cquire m a stery the ope ratio n
To a cquire m astery the oper atio n ofa sign algener ator
A P PA R AT U S
Oscillo s c ope, Sign algen e rator, 恥 ningfo rk, Mic ropho n e, Co a xialcables(2)
SUB J ECT
1. Draw the Lis s ajotl S丘gu re s o nthe o s c山o s c ope S cre en by u 8i王将 atuningfork a nd a
8ignalge n e rator, and determin ethe &equency ofthe tu ningfork from the
P R O C E D U R E
l･ Con ne ct a n output ofthe signalge n erato rto an阜nput ofthe o scillo8C OPe wi tha
coaxialc able
,
and obse rvethe sin us oidalw av efo r mon the s cre e n.
2. O bse rv ethe wa v efor m ofyo ur voiceo n the scre en using a micr opho ne, a nd sketch it.
3. Draw the LissajotlS丘gu re s onthe oscino scope scre e nby Ⅶsingthe s ou ndofatu ning
fork andthe sin tlSOid al☆a v e sup pliedfrom a signalgenerator
10
oscino 8C OPe伊r ont view)
Mode s election Ve r也c alpo sitio n2
A
Vertic alpo sitio n1. / Hori2X)ntalpo sitio n
S(:r e らn
⊂:!
○
[コ⊂Ⅰ
◎
口 O
d
口【コ
○
Ⅰコ[コ[コロ
午
ロロ○
㊨
【コ【コ
㊨
Switc血
Fo cus
ちright
Wav efor m
(sin
Inpllt1 Input2
Ⅹ･ Y m ode s witch
Triggerlever
Sw eep rate
Ver6¢a11 Y@貰*c?1軍
(voltage1)I Nol七age2))
Signal Ge n e rator 伊ro ntvie w)
Dial
D i印Iay
[:=コ ⊂=]⊂コ
[=コ [=][:コ
◎
◎
S witch I OutptLtVOltage
Fig.1
M ain otltPut
Frequ e n cy r ange
ll
0s cillo 8 COPe
Microphone
TumingFork
□
口 ロ□ ロ ○
㌔TDP 品畠£
0 0 0門
m Om コ○に】○ ロ□
□ { ト ロ □ □ m
㊨
Fig.3
SignalGene r ator
顔 □口□m川
㊨
㊨
Frequen cy ratio, 山 1 : w2
◎
q)
B
'
①
h
蛋:
召
&;
cd て
,q :
P+ .
- I:1 l:2 1:3 2:3 3:4 3:5 4:5
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Res on a nce o nthe electric cir c uits
O BJE C TIV E S
obs e rv ethe r e s o n a n ceph n o m e n o n of serie s a ndpa ralle r e s o n an c e cir cuits c o n sis七 of a c oil, c apa cito r a nd
r esisto r, a nd dete r m中e the r e spe ctiv e re s on a n七fr equ e n cy･ Co nfir m that e a chfr equ en cy agr e e swith七hat
calc ulated bythethe o r eticalequ atio n.
AP P A R A Ⅳ S
os cillato r, Circ ui七bo a rd m ou ntedby a c oil(in du cta n c声 L), capa cito r(capacita n ceC)a nd r e sisto r(re sista n c e氏),
Os cino s c ope, Le adⅥrir e s
T H E O R Y
wede n ote the o utpu七v ol七age a nd cu rr e n七 ofthe o scillo s copeby V(t)=Vo co s(w i)a nd i(七), r e spe ctiv ely, w he r e a
is a n a ng la rfr equ e n cy a nd w =2オ , f isチn o utput&equ e n cy ofthe o 8 Cn
la七o r･
T he equ atio n ofi(i)for a s erie s cir cuitsho w nin Fig･1is
L旦.Ri＋ _1
dt C∫idt = V .
L(#)･R(i)･(i)-%
G”D
T he statio n a ry sohtio n ofthis equ atio nis giv e nby Fig･1
V(t)- R
2
十(aL -去〕
2
ioc o s(m ･6),
i(t)=
V(i)
R2 ･〔aL -去〕
2
GNP
Fig.2
批 仙sc op巳
Osd”∝kyl
+
OgtTuoscDP色
批托i(如卜
whe r e
a nd ∂ = ta n
‾1(a2L
- (以ご)
‾ 1
R i
1
The r elatio n of a)L - こ = 0 is S atisfied a七the reso n a ntfrequ e n cy
のC
f -芸- 2方J詑
;Atth i8frequ e n cy, a mplitude ofthe cu rr e ntiobe com e s a m a･xim tl m･
Ne xt, the statio n a ry s olutio n ofthe equ atio n ofi(t)fo r apa r allelcir cuitsho w nin Fig･2is giv e nby
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㌢ = R
2
･(去- acT
2
io co s( - 6,,
i(i)-
㌢
R2 ･〔去- a＋2
where
and ∂ = t弧
‾l(a2L
-(aC)
‾1
R ‡ 1T he r elatio n of a2L - - = 0 is s atisfied a七the r e s o na ntfrequ e n cyβC
f -芸-
1
27TJfE
;A七thi8&equ e n cy, a mplitude ofthe cu rr e nt iobe c o m e s aminim u m of 0.
PR O C E D U R E
1. Make a s erie scir cui七 sho w nin Fig.1by c o n n e cting七he wir e s. Outside ofthe c o a xial c able s sho uld be
co n n e c七edto 払e gro u 且d(G N D).
2. Re adthe v oltage a c ro ssthe re sita n ceR fr o mthe s cr e e n ofo s cillo s c opeby v a ryingthe frequ en cy･
C ho o sethefr equ e n cy r a nge a ndin七e r valso a 8tOdr a wthe r e s o n a n c e cha ra cteristic w ella s sho w nin Fig･3
a nd de七ermin e七he r e 8 0n an七fr equ e n cy a c cu r ately. Thefrequ en cy at whichthe v oltage and七he s a me tim e
the ctlr re ntbe com ethe maxim u m sisthe r eso nantfr
-
equ e n cy･
3. In the s a m e w ay,fo r apa ralle circllit, w e c a ndra w agraph sho w nin Fig.4. The 虫:equ e n cy a七 whichthe
voltage a nd七he s a m etim ethe c u rr e n七be co me the mi mim u m sisthe r e s o n a nt&equen cy･
ATTE NTIO N
The dr a w ngr aphs(m ountain a ndv alley shape s)a r e n ot e x a ctlythe right
･
and･1e氏 sym m etry･
QU E S TIO N
1. Explain the r elatio nbetw e e nthepha s e ofvoltage a ndthat ofc u r r e n七fo r a
T
c apa cito r a nd coil, r e spectiv ely･
2. Expre ssthediffe r e ntialequ ation ofcll rr e ntforapa r auelcir cui七･
3. Dr a wthelo cu softheimpeda n ceZ
*
≡ R ＋jX(≡号〕byfr equ e n cy cha工噂e O nthe R･ Ⅹplan efor eachcirc uit.
A坤 山 巳
Fig.3
砧乍脚 cY
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Fig.4
托甲 榔 Cy
T he pr opertie soflight ∫(鮎fr a ctio n a nd Pola rizatio n)
1. Refr a ctio n
OB JE C TIV E
Obs e r v e七he r e&a ctio nphe n o m e n a oflightu sing ala s e rlights o u rc e, a nd u nde r sta ndthela w ofr e&a ctio n
APPA R AT U S
Optical be n ch(Iro nbo a rd), Light s o u rc e(La se rdiode), Ele ctric po w e r s o u rc e(2pie ce sdry c ells with c a s e),
Le ad wir e s, P ris m(m ade Qfa c ryl), Cir c ula rpr otr a cto r, Rule r, Calc ulator
T H E O R Y
As Sho w nin Fig.1, thelightinlets sla ntwiseto aborde rpla n ebetw e e n s ubsta n c e sIa nd Ⅱ r e鮎 cts. Whe re,
the equ atio nbetw e e nin cide n七a ngle el. a nd r efra ctio n a ngleO2 is giv e nby
sin81
sinβ2
= n . (1)
Ifthe a ngel 01 is v a ried, a c c o rdingly 82 Change s a ndthe Eq.(1)holds. This r elatio nis n a m edSn ell
'
sla w or
la w ofrefra c七io n. Whe r e, n is r elativ e refra c七iv einde x ofthe s ubs七a n c eⅡ to the B nb昏ta n C eI . T hisla w c a n
be e xplain ed by Huy ge ns
'
s prin ciple, c?n side ration of w ave fr o nt m ade by ele m e nta ry w a v e･ Ifw e n ote
propagatio n v elocity of lightin v a c u u m, s ubsta n c e sl andⅡby a , vl a nd v2 , r espe ctiv ely, the absolute
refF a Ctiv einde x e s a r eglV e nby
C ど
nl
= -
J
n2
= -
V1 V2
And the r elativ e r efra ctiv einde x ofthe s ubsta nce nisgiv e nby
n?
n = - ≡+
nl
Whe nthe s ubsta n cel is air
,
nl= 1.0003, the n n 2穴～ a .
P R O C E D ロR E
1. Set the appar atu s es as sho w nin Fig.2 .
H叫 tfn;wave
J
‰nl.17n･巳
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go碗l
2. O bs e rving theligbtpath in pris m, cha nge thein cide nta ngle e v e ry10
o
fro mlO
o
七o80
o
,
a nd m e a s u r ethe
r efra ction a ngle, r e spe ctiv ely. The T efra c七io n a ngles c a nbe re ad dir e ctly with a pr otr a cto r. An othe r w ayto
obtain sh02 is po s sibleby u singthe m e a su r e m e n七ofy sho w nin Fig･2a nd follo wing equ atio n s.
ta nβ2 -
sin8ry/d _ー_. M
･
d n tan02
a nd sinβっ =
c o sβl l＋tm
2
♂2
3. C alculate the r efr a c七iv einde x A ofthe pris m bythe equ atio n(1)at each in cident a ngle. Er r orsn in nis
giv e nby
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c
n
- i(o･99,N)i, s - I
(n,, - n12
N - 1
W he re
,
N n u mber of the m e a s u r e m e nts, i: m e a s u r ed index value, 万: a v e r age, 七(0.99,N): co n sta nt(when
N=8 a nd r eliability of9 9%, 七=3.5)
∬T E N TIO N
l･ Sin c epo w e r ofthelight 80 tl rC eis str o ng, do n
'
七c atchthelightbe a mby eye.
2･ Whe n the angle Cl is s mal l, yi8 als o s mal l, a ndthe c alculated v alu e ofta nC2 C O n七ain sla rge e r ro r･
3･ T he ligh七be a mis n ot
ち
a pe rfec七1in ebuthas 七he wi dth. Exe r cis eyo u ringe n ui七y 七o m ake m o r e a c cu r ate
m e a su re m e nt.
2. Pola riz atio n
O B JE C TIV 苫S
1. Ma sterthe m e a slユre m e n七 m ethod fo rligh七po w e r u sing a photo diode.
2, Unde r s七a nd thepola riz atio n ofoptic al w a v ethr o ughthis expe rim ent.
A PP R A T U S
optic al be n ch(Iro nbo a rd),Ligbts otlrC e(Semico ndu ctorla se r), Pola riz e r･ Analyz e r仏七七a chedthelida nd botto m
ofpla stic ca s e), P hotodiode(PI)), Lo adr e sista n cefo rP D(100 E2), Digital m 11tite ste r(D M T),Le ad wir e 8.
T H E OR Y
Light is the 七r a n sv er s ew a v e, which tr a n smits the m agn etic and ele ctric fieldpe rpe ndic11a r七o the
tr a甲 mitting dir e ctio n･ Natu r al ligh七 s u ch as s un o rla mp lightha s n opa rticula r dire ctio n of ele ctric o r
m agn eticfieldin aplan e which is perpe ndicula rto the 七r a n 8mittin晋dir e ctio n･ How ev e芋,ifsu ch optic al w a v e s
pas sthr ot1gha polarizer, o nly on edir e ctio nany polariz edw ave七r an smits; thisis n a m ed lin e a rly polari乞ed light.
Whe r e, pola ri2;ingdir ectio nisdete rmin ed by a n anis o七r op ydir e c七io nlO nthe pola ri2;e rPlate.
T he polarizatio n oflightis co nfir m ed･ by pa s singthepola･riz ed ligh七thr o ughthe secondpola ri2;e r仏nalyz er).
Whe r e, a n a ngle m adebythe polarized dir e ctio n of七ran smit七ingligh七a ndpolarizingdir e ction of the a nalyz eri8
tobe め, a mphtude ofthe w a v epa ss ed七hr o ughthe a naly2;e ri8 O nly pa ral le c o mpone nt, c o s4) .
Sin c ethe ligh
.
tinte n sity(o r e n e rgy)Ⅰ(¢)is pr opo rtio nalto squ a r e ofthe a mplitude, that of thetr a n smitted
lightisgiv e nby
I(少)= I.c o s
2
¢.
Wher e, Zois inte n sity of in cid･e ntlight･ In th is e xpe rim ent, m e a s u r ethe inte n sity oftr a n smitted lightby
cha ngingthe a ngle ¢, a nd confir mthis r elatio n.
PR O C ED U R E
l･ Setup a n appa ratus a s show nin Fig･3･ Inlet thelightbe a mto apola riz e rpla cedo nbotto m ofthe pla stic at
16
ar s上, a ndpa s sthr o ughthe s e co ndpbla riz e r(analyz e r)pla cedo n七op ofthe ca s e. Ne xt, pla c e aP Da si七s wind｡ w
re c eiv e sthelightbe a m･ Theligh七inte n sitylis m e a su redby aP D･ The c u r re nt of PI) is propo rtio naltoI, a ndit
c a nbekn ow nby m e a s uringthe v oltage a c ro ss a resisto rlo aded o nto thePD･ Re ad七he valu ebyD M T.
2･ M e a su r e七he v oltage(tr a n smittinglightinte nsity)by cha ngingthe a ngle め by9.47
｡
step. sin c ethelidof
pla･stic c a s eha s9 5n otche s a r o undthe re, the rotating a ngleby2.6 n otche sis equal七o9.47
o
(=360
o
/38).
3･ I)e s crfbe agr aph of七r a n smit七ed ligh七inte n si七yin a rbitr a ry u ni七v e r s u s a ngleめ (horiz o ntala xis).
Set the po sitio n at whichtheinte n sitytake岳 a m a xim u m v alu eLoto be め =0･ Co n n e ct the data points with
s mo o七b lin e.
4･ CalculateZo co D2d , a nd addthe plot o nthe gr aph de scribed3･ Co mpa re with e xperim e ntala ndthe o r etic al
Cu r V eS.
ATT E N TIO N
T helightfr o mla se rdiodeis slightly pola riz ed; the refor e, a polarize r atta ched a七the botto m ofpla stic c a se
sho uldbe s ettledi血fr ont ofthelight s o u rc e. Co n side rthe reaso n ofthis a七七e n sio n.
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e rtie s oflightⅡ(Diffractio n)
OBJE C T
･ Obs er v e a ndtl nde rst andthedifr a ctionpheno m e n a oflight withthe grating･
･ Obse rve thedi飽 a ctio npatte m m adebysingle sli七a nd determin ethe w a v el ngth of light.
APPA R ATU S
Optical be n ch(Iro nbo a rd), Light s o u r ce(La s e rdiode, L D), Electric po w er s o u比 e(2pie ce sdry
q
c ells a nd
c a s es), P hoto diode(PD), Mic ro m et r he ad, Le ad wire s, Single slit, Gr ating, Cir cula rprotr a ctor, R ule r,
Fu n ction alcalc ulatolr
,
Ha ndy micr o sc ope .
T王王E O R Y
Di 飽a c七io n甲 atin 酢 a r ePOPtla r opticde vic es a nd us ed in afield ofthe 8Pe C七ro sc opy･ They a r e m ade of
gr ating min c edthinlin e s o nthepla n e with a n equ alinter v alfro m0.1 to 0.0 1m m.
Thelightw ave pa ss e sthrotlghthe gr ating spre ads a七 e a chlin eby王‡uy ge n 畠
'
s prin ciple, a ndinte rfer es
m utu al ly a nd m akes七heinterfe r en c epa七七e r n o n a sc re e n.
(1)Inte n sity ofthedi飽 a cted lightpa七七e m
As sho w nin Fig.1, w e c o n side rthe dif&a c七io npatte r n a七a po 8i七io nP w hich isfa r血o m the gr atings. The
a mplitude ofop七icalw a v e a七Pi8 SuPe rPO Sition oftheligh七w av e UA, UB,tJTo - ･, UN co mingfr om gr ating
A
,
B
,
C
,
･ ･ ･ N
,
r e spe ctiv ely. The se a regiv e nby
UA - Ee
lkr
, uB - Ee
ik(r＋ム)
, uc = Ee
ik(r＋2 A)
- uん - Ee
l
.
k(r＋(” -1)A
whe re, 巌=2 n/九is the w av e s n u mbe r, 九 the w a v ele ngth, I t
'
he distan ce缶o m the gr atingA to the
pointP, A the differe nc ebetw e e n n eighboring optic alpaths a ndgiv e n
･.by A ≡ dsin9, dtheinte rvalof
the gr atings a nd. n a m ed gra,tingc o n sta nt, 0 thedi飽a c七ion a ngle･
l
The a mplitude U(C)a七P isgiv e nby
U(8)= UA ＋ UB ＋ Uc ＋ ･ ･ ･＋ UN ･
Whe n u 8ing a pha s ediffe re n c e, i, = kdsin 0, w eget
u(8)- Ee
-)kr
(1十 e
j声
＋ e
214
十
･ A ･ 十 e
(” -I))
'
声).
sin cethein side ofapa re nthesis()is age o m et ric s erie s,it is calc ulated･ a Sfo1lo w s:
1＋ ei少 ＋ e 叫 ＋ - ･＋ e(N
-1)i4
=
1 _ e
N7?
1 - e
L
'
≠
i(N -I)声
e
‾
T
sin 塑
2
sin旦
2
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噂
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A= d畠in 8
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Fig.1
Sinc ethe inte n sity distributio n I(8) of the interfere n cepa七七e rn is propo rtional 七o squ a reofthe
a mplitude,
I(0)=卜U(C)J
2
= E2
sin 塑
2
sin卓
2
The sha rp pe ak oftheinten sity ap pe a rs o nthe c onditio nthat thed･e n omin ato rbe c om e s0(n u m e r ator als o
0), n a m ely, whe n め - 2m 7T a nd dsin8 ニ m l (m =0,± 1, ±2, ･ ･ ･).
(2)D iffra ctio n a nd.its the o ry
Whe ninletting the c oher en七1igh七be a m with a w a v e n u mbe r ofAto a n ape出 u r e, o ne c an obs e rv ethe
diffra ctio n patte rn on a sc re e nbehind tha七･ This paセセernis c aued Fr atm hofe rdi飽a ctio n o n e. The
a mplitude of optical w a v e a七 a poin七 P expr e ss ed by the co o rdin ate of(Ⅹ, y)is c alculatedby the
s upe rpo8itio n ofdiffra c七ed ligh七fro m allthe a r
.
e adEdn in the apertu re･ That is e xpr es s ed a s
u(x,y,- A土!f(i,”,筈dfdq r2 -(x - i,2 ･(y - ”,2 ･L2 ･
CO CO
Whe re Ai白 a co n sta nt･ i,T7 C O Ordin a七e sin the ape rtu r e, r七hedista n c efro mthe are adEd叩 七oP, Lthe
dista n c ebetw e e nthe ape rtu re a ndt he scr e e n･ Functio nAE, 刀)= 1 w he nthe a re adEdn isin side the
ape rture, othe r wis e, AE, 刀)= O. When Lis m u ch lo nge r七han the ape rtu r ewi d th, z･ is appr o xin a七ely
e xpr ess ed. a s
r 穴プ ro
-
xf十y77 1 1
I
- 和 一
ro r ro
Whe r e, r o= 転2＋y2＋L2)0･6･thele ng也･betw e e n ce nte r ofthe ape rtu r e andP･ Fu rthe r m o re,the a mphtude atP
is gⅣ e nby
a
(
Q
(I., E 仙 ､ 〈 ” 仙 r JL Xf＋y7”(x,y)- c∫†f( 如)exp(- ik )dfdq
- co- co
ro
Whe r e
,
cis ac on sta ntl T his equ ation占ho w stha七 晦 y)is equ alto the Fo u riertr an sfor m a七i.n .fRE,
刀)･ T heinte nsitydistri butio nfun c七io n ofthedif&a c七io npat七e rnis als ogiv e nbyI(x,y)I(U(x,y)f
2
.
(3)In c a 8etha七the apertllreis a single slit
A slit
,
whos e width in dir ection of E is to be 2w (< <L), a nd le ngthin dir ection of 刀 is to be long
e n o ugh, ca nbe七re ated a sl･dim e n sion a洗ertheintegr ation with 刀 一 The function4E, 刀)isgiv e nby
f(i)-(:
- a ≦f≦ a)
els e whe r e
Co n side ringthe pa七七ern n e a r apoint0 sho w nin Fig･2(top), w e c a n r ega rd a sm = L(co n sta nt). The n, the
a mplitude U(Ⅹ)is c alc ulated a s
19
”(x)- c
a
le
-E讐de
- a
α
= C
_fj蜜
e L
.
kx
- l -
エ - al
- c豊sin〔笥･
Theinte n sityl似i8give nby
Ⅰ(冗)
- 管 - 骨 o 骨 管
I(x,-〈c豊sin〔剖
2
･ Fig･2
Ⅹ
T his equ atio n sho w sFrau nhoferdiffr a ctio npa七七e r n ofthe single sli七･ Figu r e2(botto m)sho w s agr aph of
Rx), wher e,
B = 呈望
月エ
P RO C E D U R E
(1) Me a su r e awidthofthe slit, 2w with a micr osc ope･
(2)Set up a n ap par atu s a s sho wn in Fig･3･ Inlet theligh七be a mfro mIJD 七o a Single slitperpe ndicula rly･
(3)Pla c e a sc re e n abotltlm behind 血o mt he slit, a nd co nfir mthe diffra ctionpa七te rn ･ Repla cethe s cr e e n
with a P D &ed o ntop ofthe micr om ete rhe ad･ The mic ro m et rhe ad ca nbe m o v ed 16m m o nthe
w hole. To me a stlrethedi飽 actibn pa七七e rn sym m e七ric all汎 Pla c ethe micro m e七 rhe ad a sthe mid dle
po s享七io n of that(7.5m m)agr e e s with t he c e ntr alpeak ofthe dif&a ctionpatte rn･ Us e so m e m agn etstO
adjtlSt theheight oft he mic ro m et rhe ad･
(4) Me a su r ethelight inte n sityI&)by m ovingtheP Dby step ofO･2m m･
(5) Dr a wa graph ofI(x), a nd e s七im a七e the value ofw av elength･ Ne xt, calculate the the or e七icalc u rve of
ICdwiththis w a v elength. Co mpa re七he m e a stlr ed ctl rV ewith the ore七icalo n e･
ArTEN TI O N
sin c ethe r eis s o m e ape rture on the pho七o
･de七e cto r
,
the m e a su red ligh七inten sitybe c o m e sthe av e rage
valu e ofthe ape rttlre･ This av e r aglng willspoil the sha rpn e B 8 0fthe m easu r edpatter n c u rv
e･ Altho ugh
n a rr o w lngthe ape rtu re sha rpe n sthe ctlrV e,the sign alin七en8itybe c o m e sIW e akto 血e a su r epr
e cis ely･
忠(L.) 9t*
Ph6i{afbAe, (p D)
*
1 m 寸
uJ
.
C'p
･ 払i ♭c3h⊂LI
Fig.3
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Re son a n c e ofthe string vibratio n
O B JE C でIV E S
M ake s o m e re so n a n七vfbr atio n s a七 a ste alStringbyfo rcln富Periodicany with aL m 喝 n e七.
Con 鮎 m the r es o n a n c e 8ta七e s a r e elg n State softhe w a v e equ a也o n.
T H E O R Y
As sho w ninFig･1, a stringis stretched betw e entw oknife edgesA a nd B七o m ake七Ta n SV e r Se Vibr&七ion s.
Here w ede n otethelin e a rde n sity oft he stringby q , a ndthe七e n sio nbyT･ Wetake a n x･ a xi8 alo ngA Ba nd
the c o ordin ate ofA a nd Ba r e x=O a nd x =L
,
r e BpeCtiv ely･ Whe n w ede n ote the aisplace me n七 ofthe ぬing(at
c oordin ate x a nd七im et)perpe ndicula r七o a n x･ a xisby y(Ⅹ,i), the eqtl a七io n ofm otio n ofStringbetw e en x a ndx十
∂Ⅹis gⅣ e nby
盛宴- T砦& ∴ 砦-三砦･ (1)
Sin cepoints A a nd aa r e s upporting points(fulcm m s), y(0, i)=O a ndy(L, 七)=0. The s olution ofthe equ ation(1)
u nde rthe sebo u nda ry c ondition sis giv e nby
3}(x,i)- A乃 Sin〔2痛sin(2或書t), (2)
where Bis apo sitiv eintege r･ Acc o rding七othe v alu e ofJ2′diffe r e ntreson an七vibr a七ion s o cc u r a 8 Sho w ninFig.2.
Ea ch re s on a n七Sta七eis･calledeige n vibration ofthiB String, a nd fnis ca11e且 eige n 触quency andgive nby
f, -芸漂･ (3)
∇払r atio n ofn I 1 is c aned fu nda m er=talvibr atio n a nd fl is called funda m e ntalfrequ e n cy a nd
-fl -去雷･
腎hen 野 eaP Ply払 e periodic externalfo r ee七o七his ぬing,itwill8ぬ rもto vibrate w弧 the s a m eperiodicity･ If
払e 鮎qu e n cy y agr e es with a n eige n 鮎 耶 ･e n C3S 七he a mpli ぬde be co m e sla rge w漁 七im e a nd re a che s a
s&七n ra.毛ea∇aitte. Thisphe n o m e n o nis c alledre s o n a n c e.
軌 en 也 8 Str払gvibr 象七e sin re s o n a n c e, 常 e C a nkR O W也e v alu e ofpfF O m七払e 8七a nd.iI噌 W a V efo m o r n u mbe r of
n ode a 8 Sho w nin ぎig易 a ndthe r e s o n a n七&eqn e n野 fn is calct11a七ed もy eqtla七io nく8).
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A PA R AT U S
Ste al wire(lin e a rde n 8i七y: u I(5･5 4 ±0･ 5)× 10
･4 kg/孤), Knifee.dye(2 pie ces), Fix ator of string, Pulleys,
Weight(4pie ce s), Ele ctr o m agn e七, Os cillator, Co a xialc able, Le ad wir es, M ea su r e, Cr a mps(2pie c es), Driv er,
Bala n ce
P RO C EDUR E
l･ Fix o n e edge ofa Ste al wir e七o afixatorby a s cre w with driv e r, a nd ap plyto apulley七o a n othe redge as
sho w nin Fig･1･ Ad3
'
u s七 the positio n ofthe 丘Ⅹator a nd puney, a nd 丘Ⅹ the m 七o the desk by cla mps,
r e spe c七ively.
2･ Pla c ethe knife
l
edge sA andBto丘Ⅹthe 8七ring, a nd m e a su r ethele ngth i betw e e nthe m.
3･ M e a s u rethe m 由 s ofthe w eigh七s･ Calculate thefu nda m e ntalfrequen cy fl Ofthe stri喝 in the ca se of
ha nglng One W eight, a ndr e co rd i七. Us ethe v alu e ofgravitation ala c cel r ation, 9.80m/821
4･ Ha ng a w eighta七the edge ofs七ringthr oughapulley. As sho w nin Fig.a, c o n n e c七o n e edge ofa cable 七o a n
os
'
cillatot
'
s o utpu七 a nd t he other edge 七o an ele ctr o m喝 n et. The o utpt1七 鮎qu e n cy c a nbe re ad fro mthe
di8Play pa n elofthe o scillato r.
5･ In the c a s e ofa funda m e n七alr e so n a n c e, th suitable ex citationpo 白地io n ofstringbythe ele ctr o m agn etis
the mi dle poin七betw e e nA a nd B, a ntin ode. T he stri‡噌 Vibra七e sla rge r when the &eq1 旭 n Cy Ofthe
o s cilla七o rγ ap pr o a ches to o n ehalfofthe funda m e n七al 触q11en Cy fl;here, the ele c七ro m agn et at七T aCtS
the 8te elwir e2っ/ tim e spe r a se c ond. A触 r the obse rv atio n ofre s o n a n七phe n om en o n, 丘n ely adju 8七 the
exci七ing鉦equ e n cytodete rmin ethe re 8 0 n a n七frequ e n cy, 2 っノp a七 w hichthe a mplittldebe co m es m aximlユm .
Re c ord 2γ r in yo u r n otebo ok.
6･ Ad d the s ec o nd w eight, a nd m e asu rethe r e so n a n c efr equ e ncy a nd r eco rd it like step 5. Pu七七ing七he
pres entv alu e of te n sio nto equ atio n(3), calculatefl . Rep?at 七he m e a s u re m ent forthe c onditio n of thre e
a nd fo u r w eights.
7･ Disc u s表the agr e e m ent/disc r epa n cybetw e e n
..
2 γ r, a nd f) ･
8. Dr a w agraph of へ庁 v 8. 2 〟 , a nd co n s如 abou七the relatio n ofequ atio n(3).
EXT E N SIO N
Make七he se co ndhよr m?nic re s o n an c e(n
=2) and m e asu rethe r eso n a ntfr equ en cy･
･
when
,
the suitable ex cita七io n
po sitio n ofstringis on equ a rte rfa rfr o mtheknifeedge. Con丘r m that the m e a s u r ed r e s on a ntfrequ e n cy 2 γ r
agre es witb ノ;I
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